Abstract: Large volume (4 L) of polyethylene glycol (PEG) solution would ensure a better quality of bowel cleansing but might be poorly tolerated. Due to the smaller body size, lower body weight, and different diet habits, the large volume of 4-L PEG might be poorly tolerated by the Chinese population. In view of this, a balance should be made between the volume and effectiveness. This study aimed to compare the effectiveness, compliance, and safety between 3-L split-dose and 2-L PEG in Chinese population.
INTRODUCTION
C olorectal cancer (CRC) is one of the most common cancers worldwide. [1] [2] [3] Advanced CRC results in poor prognosis. Early detection and timely treatment improve patients' outcome. Colonoscopy has become a standard and valuable tool in screening colorectal polyps and CRC. Detection and removal of colonic polyps greatly reduce the risk of CRC. 4 In addition, colonoscopy can also be used to detect early inflammatory bowel disease (IBD) and to monitor the disease progression. 5 It has great advantage as a noninvasive tool and has not been surpassed despite a number of techniques that are developed in the last 2 decades.
Proper bowel cleansing is a crucial aspect directly correlated with the diagnostic performance and the complication rate of a colonoscopy. An ideal bowel cleansing solution should be safe, effective, and well tolerated by the patients. 6 Nowadays, polyethylene glycol (PEG) is recommended as the first-line bowel preparation agent and it has achieved great success in clinical practice. 7 However, the volume of PEG solution most suitable for patients in different populations is still debatable. European Society of Gastrointestinal Endoscopy recommends a split regimen of 4-L PEG solution for routine bowel cleansing in Western countries. 7 In contrast, in the past 2 decades, 2-L PEG alone without any supplement is routinely used in China. In the recent Chinese consensus on bowel preparation before endoscopy, PEG alone is recommended in clinical practice. 8 However, from the experience of ours and other gastrointestinal (GI) doctors in China, the widely used 2-L PEG in bowel preparation is not satisfactory, especially for screening the lesions in the rightward colon. Brown solid or liquid residuals are often found at this site, masking potential lesions. It also causes discomfort to the patients and increases the risk of complication due to the difficulty in intubation. We have previously reported that CRC in South China has experienced a rightward shift in the site distribution in the past 2 decades. 9 Therefore, it is important to achieve an adequate bowel preparation in the whole large intestine to reduce the miss rate of potential lesions.
Previous studies including a recent meta-analysis reported that 4-L split-dose (2 þ 2 L or 3 þ 1 L) PEG was superior to other bowel preparation methods, but great heterogeneity existed among the included studies. 10, 11 Currently, no study has been conducted in Chinese. Due to the smaller body size, lower body weight, and different diet habits, the large volume of -4L PEG might be poorly tolerated by the Chinese population. In view of this, a balance should be made between the volume and effectiveness. We therefore proposed to reduce the volume of 4-L PEG to 3 L. We hypothesized that 3-L split-dose (1 þ 2 L) PEG bowel preparation regimen would be superior to 2 L in bowel preparation. To test our hypothesis, we performed a prospective, multicenter, randomized controlled trial to compare the effectiveness, tolerability, and safety between 3-L split-dose and 2-L PEG in a Chinese cohort in South China.
PATIENTS AND METHODS

Patients and Study Design
This is a prospective, multicenter, single-blinded, randomized, controlled trial. Consecutive patients who were scheduled for colonoscopy were recruited from outpatient clinics and inpatient wards of 5 tertiary medical centers in South China between April and July, 2014. All patients were between age of 18 and 75 years. Exclusion criteria included suspected GI perforation or obstruction, history of GI resection, moderate or massive active GI bleeding (>100 mL/day), chronic kidney disease (CKD, Stage 2-5), chronic heart failure (New York Heart Association Class II-IV), pregnancy, severe IBD with stricturing or penetrating disease, severe constipation (<2 bowel movements per week), and major psychiatric illness. Patients were randomly assigned to receive 2-L PEG (2L-group) or 3-L split-dose (1 þ 2 L) PEG (3L-group) for their bowel preparation according to a computer-generated randomization table. Figure 1 shows patient recruitment and randomization. Demographic characteristics, body mass index (BMI), major complaints, and previous medical history were collected using the questionnaire on the day before colonoscopy. The study protocol was approved by the Human Ethics Committee of Endoscopy Society of Guangdong Province in South China and was conducted according to Declaration of Helsinki. The procedure was strictly conducted and monitored, and was guided by the Chairman of Endoscopy Society of Guangdong Province (Prof. Minhu Chen and Prof. Yi Cui). Written informed consent was given by all patients. 
Bowel Preparation
Colonoscopy was performed by experienced GI endoscopists (3 endoscopists in each study center) who performed >500 colonoscopies per year and who were blinded to the bowel preparation regimens that the patients received. The bowel preparation regimens were 3-L split-dose or 2 L of PEG4000 (Pfizer Italia S.R.L.). All patients were limited to low-residue foods the day before colonoscopy. Patients randomized to the 2L-group received 2 bags of PEG and were instructed to drink the whole dosage at a rate of 250 mL every 10 to 15 minutes 4 to 6 h before colonoscopy. Patients randomized to the 3L-group received 3 bags of PEG and were instructed to drink 1 L at 21:00 in the evening before the day of colonoscopy, and to drink the remaining 2 L 4 to 6 h before colonoscopy. PEG solution was contained in graduated bottles and the volume ingested was recorded by the patients themselves.
Primary Endpoint: Colon Cleansing
The primary endpoint of the study was the overall quality of bowel preparation. Preparation effectiveness was evaluated by the blinded endoscopists according to the Ottawa bowel preparation scale (OBPS). 12, 13 This scale assesses cleanliness and fluid volume, separately. Cleanliness was assessed for the right colon (cecum, ascending), mid-colon (transverse, descending), and the rectosigmoid colon separately ( Figure 2 ). Each colon section was rated from 0 to 4 score (0 score ¼ perfect, no liquid; 1 score ¼ minimal clear liquid, no suction; 2 score ¼ suction required to see mucosa; 3 score ¼ semi-solid residue, required washing and suction; 4 score ¼ solid stool, not washable). Global fluid quantity was rated from 0 to 2 for the whole colon (0 score ¼ minimal, no suction; 1 score ¼ moderate, need some suction; 2 score ¼ large, need a lot of suction). Total score was obtained by adding the cleanliness scores of the 3 segments and the fluid score, ranging from 0 (perfect colon cleansing) to 14 score (solid stool in each colon segment and lots of fluid). A total score <7 was considered successful bowel cleansing 14 and a total score 4 as excellent bowel cleasing. 15 To minimize interobserver variability, in our preliminary study, all the endoscopists were trained to use OBPS. They were asked to review colonoscopy videos of 15 patients and evaluate the bowel preparation effectiveness using OBPS. Afterwards, they discussed the OBPS score of each patient and reached a consensus.
Secondary Endpoints
Secondary endpoints of the study included patients' tolerability on the taste, smell, and dosage of PEG, sleep disturbance, and adverse events related to the PEG. Patients were required to complete a questionnaire before the colonoscopy. Tolerability on the perceived taste and smell were assessed using a 4-point scale (very good
Tolerability on the dosage was measured according to a scale based on the consumption of the PEG: 1 ¼ optimal (100% of the prescribed solution), 2 ¼ good (!75% of the prescribed solution), 3 ¼ poor (<75% of the prescribed solution). 16, 17 Adverse events such as abdominal pain, bloating, vomiting, and nausea were recorded. Sleep disturbance referred to <70% of their usual sleep duration during the bowel preparation.
Statistical Analysis
This study was designed to assess the superiority of 3-L split-dose PEG regimen compared with 2-L PEG regimen in bowel cleansing. Our primary endpoint was the successful bowel cleansing rate defined as a total OBPS score <7. Sample size was calculated using the following formula:
According to previous studies, we assumed that the proportion of patients achieving successful bowel preparation was 85% for the 3-L PEG regimen group and 70% for the 2-L PEG regimen group, respectively. 15 Allowing a drop-out rate of 10%, a sample size of 300 patients (150 per group) would achieve 85% power to detect a significant difference between the 2 groups with a significance level (alpha) of 0.05.
Statistical analyses were performed using the SPSS for Windows version 19.0 (IBM Corp, Armonk, NY, USA). Continuous variables were reported as means AE SD or median (interquartile range) and categorical variables as numbers and percentages. Continuous variables were compared between the 2 groups using t test and categorical variables using Pearson's x 2 test. Analyses on the primary endpoints (the rates of successful and excellent bowel cleansing) were performed on both intention -to-treat (ITT) and per-protocol (PP) (patients who had ingested at least 75% of the prescribed PEG solution) cohorts. All other analyses were performed on ITT cohort. All hypotheses were 2-tailed and a P value <0.05 was considered statistically significant.
RESULTS
Demographic and Clinical Characteristics
A total of 350 patients were screened for eligibility for the study (Figure 1) . Twenty-one patients did not meet the inclusion criteria because of comorbidity or GI surgery (n ¼ 9), refusal to participate (n ¼ 8), and insufficient compliance (n ¼ 4), and 11 patients canceled colonoscopy before the procedure due to personal reason. The remaining 318 patients (159 patients in each group) were enrolled in this study for ITT analysis. Table 1 shows the demographic and clinical characteristics of the study cohort. Male to female ratio, age, body weight, and BMI were comparable between the 2 groups. The most common indications for colonoscopy were abdominal pain or discomfort, diarrhea, health checkup, constipation, and hematochezia, with no significant difference between the 2 groups (P ¼ 0.76). Other complaints included anemia, weight loss and altered fecal characteristics. The percentage of patients with a history of constipation did not differ between the 2 group (P ¼ 1.0). Polyps were the most frequent positive findings under colonoscopy in both groups. The total adenoma detection rate (ADR) in colorectum was 25.8% in 2-L group, and 27.7% in 3-L group, without significant difference between them (P ¼ 0.723). ADR in right colon was slightly higher in 3L-group than in 2L-group (17.6% vs 12.6%, x 2 ¼ 1.57, P ¼ 0.21). A total of 158 patients had a negative finding under colonoscopy (49.7%), with no significant difference between the 2 groups (P ¼ 0.50).
Efficacy of Bowel Preparation
The mean AE SD duration between the last intake of the solution and colonoscopy in the 3L-and 2L-group was 5.0 AE 1.4 and 4.6 AE 1.4 h, respectively. The percentage of patients achieving a clean without any fecal residual bowel preparation was significantly higher in the 3L-group than in the 2L-group (83% vs 69.9%, P ¼ 0.01) ( Table 2) . Total OBPS score for 318 patients was significantly higher in the 2L-group than in the 3L-group (mean AE SD: 4.4 AE 2.7 vs 2.9 AE 2.4, P < 0.001). OBPS cleanliness scores for right colon, mid-colon, and rectogsigmoid were all significantly higher in the 2L-group. Average fluid score was 40% significantly higher in the 2L-group (mean AE SD: 0.7 AE 0.7 vs 0.5 AE 0.6, P < 0.001). In ITT analysis, the percentage of successful bowel preparation, indicated by total OBPS score <7, were significantly higher in 3L-group (89.9%) than in 2L-group (79.2%) (x 2 ¼ 6.97, P ¼ 0.008). The percentage of excellent bowel preparation, indicated by total OBPS score 4 was also significantly higher in patients in 3L-group (78.0%) than in 2L-group (48.4%) (x 2 ¼ 29.87, P < 0.001). Similar results were found in PP analyses. Successful cecal intubation was achieved in all the patients in both groups. The average cecum intubation time was significantly shorter in 3L-group (8.2 AE 3.7 min) than in 2L-group (10.3 AE 4.2 min) (P ¼ 0.04). No significant difference in average total OBPS score was found between male and female patients in either 2L-group (4.2 vs 4.7, P ¼ 0.27) or 3L-group (2.7 vs 3.1, P ¼ 0.22). Similarly, there were no significant differences between patients with BMI <24 kg/m 2 and BMI!24 kg/m 2 in either 2L-group (4.3 vs. 4.7, P ¼ 0.31) or 3L-group (2.8 vs. 3.1, P ¼ 0.37).
Patients' tolerability, compliance, and safety
All patients could endure the taste of the solution (Table 3 ). The smell of the solution was rated acceptable (1-3 points) by most of the patients (92.5%). The majority of patients in both groups could ingest more than 75% of the amount of solution (98.7% and 94.3% for 2L-and 3L-group, respectively). Eightytwo patients (51.6%) in 2L-group and 62 patients (39.0%) in 3L-group could easily ingest all the solution, respectively. No significant difference in the percentage of adverse events, including bloating, nausea, vomiting, abdominal cramps, headache, and dizziness was found between 2L and 3L-group (all P > 0.05) ( Table 3 ). There were no clinically significant changes in vital signs and physical examination or no serious adverse event. However, the percentage of patients having disturbance of sleep was significantly higher in the 3L-group than in 2L-group (51.6% vs 38.4%, P ¼ 0.02).
DISCUSSION
The quality of bowel cleansing is vital to a successful colonoscopy. A poor bowel cleansing would prolong the procedure time, increase the risk of bowel penetration, shorten the interval of colonoscopy screening, and increase the miss rate of polyps or early CRC lesions. 18 This would result in increased costs to the family and society. Strategies for bowel preparation are the subject of investigation and there is still a pursuit of optimal regime. Recent findings from meta-analysis or clinical trial showed that PEG, introduced in 1980, remains a good option for bowel cleansing. In most of the colonoscopy centers, PEG is the first-line bowel cleansing regimen in clinical practice. Due to its mechanical lavage, a higher volume of solution will usually achieve a better bowel cleansing. It is confirmed by a recent meta-analysis comparing 4-L split-doses PEG and other bowel cleansing methods. Analysis showed that 4-L split-dose PEG had a much better bowel cleansing efficacy than others. 7, 10 However, the tolerability of such a large volume is questionable, especially for patients with smaller body size such as the Asians. It has been reported that BMI was an independent factor associated with bowel preparation efficacy. 19 More intensive bowel preparation solution is recommended to patients with higher BMI. In view of this, we designed this randomized controlled clinical trial to compare the effectiveness, tolerability, compliance, and safety in bowel cleansing between the 3-L split-dose and 2-L PEG in Chinese. Our results confirmed our hypothesis that 3-L split dose PEG was more effective than 2-L PEG in bowel preparation. Rate of successful bowel preparation was significantly higher in 3L-group (89.8%) than in 2L-group (79.2%). Rate of excellent bowel preparation was also higher by 1.6-folds in patients in 3L-group than in 2L-group. The successful rate was comparable with that reported in 4-L split-dose in whites. 10, [20] [21] [22] Compared with 2L-group, 3L-group had a better quality of bowel cleansing according to the Ottawa scoring system. In sub-analysis by site, the mean OBPS score in right, mid, and rectosigmoid colon was all much higher in 2L-group than in 3L-group. Due to the better bowel cleansing, the cecum intubation time was shorter in 3L-group than in 2L-group. Solid or brown liquid residual are often found in the rightward colon, resulting in a higher miss rate of small lesions at this site, especially some early CRC or advanced polyp. Previous studies found that poor bowel preparation was associated with lower detection rate of proximal adenoma. 23, 24 In a large population-based study, significantly more right-sided CRC cases were found in prior negative colonoscopy cohort than the general population during a 10-year interval of colonoscopy. The authors concluded that this might be partly attributable to the inadequate bowel cleansing that affects the right colon more than the rest of the colorectum. 25 ADR in the whole colorectum was similar in these 2 groups, which was consistent with previous studies. [26] [27] [28] Compared with other sites, the mean OBPS was much higher in 2L-group than in 3L-group in right colon. ADR in right colon was also higher by 5% in the 3L-group, albeit not statistical significant. In addition, lower volume of PEG solution with an unsatisfactory bowel cleansing might shorten the interval to repeat colonoscopy, which would impose psychological and economic burden to the patients. Together with the rightward shift on the location of CRC as reported in China and in Western countries, 4 the significantly improved bowel cleansing in the whole colon especially in the right colon proved that 3-L splitdose PEG regimen has the potential to reduce miss rate of precancerous lesions and should be recommended as standard regimen in Chinese. It was reported that the quality of bowel cleansing was associated with the interval between the last dose of solution and the procedure. A short interval may be insufficient for bowel content to discharge completely, whereas a long interval may lead to excessive secretion of the bowel. 29 An interval of 5 to 8 h was found optimal for adequate bowel cleansing. 29 In this study, this interval was about 5 h in both the groups and the majority of the patients had adequate bowel cleansing. Therefore, this interval should also be recommended for clinical practice.
In addition to the quality of bowel cleansing, patients' tolerability, compliance, and adverse events are also important issues. Although higher volume of PEG solution would achieve a better quality of bowel cleansing, patients would be less tolerated by it. In this study, >90% of patients in both groups could ingest >75% of the amount of solution, suggesting that the 3-L solution was as well-tolerated as 2-L solution. The symptoms related to PEG ingestion such as bloating, nausea, vomiting, abdominal cramps, headache, and dizziness were not common and percentage of these adverse events were similar to that reported by previous studies. 9, 21, 22, 30 No significant difference on percentage of adverse events was found between 2L and 3L-group. However, sleep disturbance was more common in the 3L-group than in 2L-group. This was probably attributed to the schedule of PEG ingestion the day before colonoscopy, which resulted in bowel movements after drinking 1-L PEG and disturbed the sleep quality in some patients.
There were several limitations in this study. First, we did not compare the effectiveness between 3-L split-dose PEG and 2-L PEG with supplement. A clinical trial addressing this issue is currently ongoing in our center. It might provide more evidence for the optimal regimen in bowel cleansing. Second, BMI might influence the efficacy of bowel cleansing. Although the baseline of the 2 groups in this study was comparable, further study should address whether personalized volume of PEG based on individual's BMI would be superior. Last, the sample size may not be large enough. Further study involving larger sample would confirm the effectiveness, safety, and compliance in Chinese population.
In conclusion, this randomized controlled trial found that 3-L split-dose PEG regimen is superior to 2-L PEG regimen in achieving a better quality of bowel preparation in Chinese. It could shorten the cecal intubation time and has the potential to increase the detection rate of adenoma in the proximal colon. It is also as well-tolerated and safe as 2-L PEG regimen with good compliance. We recommend the 3-L split-dose PEG the standard regimen in clinical setting for Chinese patients.
